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NOTATION 


f-ositive  Directions  of  Axes,  Forces,  Moments,  and 
Angular  Displacements  are  Shown  by  Arrows 
Y 


Axis 

Force 
in  pounds 

Force 

Coefficient 

Foment 

in  pound-feet 

D 

D 

Cg  = D/q( Vol. ) ' 

t ( roll inp) 

Y 

Y 

Gqs=  Y/q(7oUz(i 

M (pi  behind) 

L 

L 

CT  = L/q(Vol.  )l!i 

N (yawing) 

Moment 
Coeff icient 

0,  = i7q(  Vol.) 

= K/q(voi.) 

3 = w/qUoi.) 


General  Symbols 


volume  of  main  envelope  in  cublo  feet 
dynamic  pressure  (pV2/2)  in  pounds  per  square  foot 
airspeed  in  feet  per  second 
airspeed  in  knots 
Reynolds  number  pV ( Vol .)  ^ 

mass  density  of  air  in  slugs  per  cubic  foot 

absolute  coefficient  of  viscosity  of  air  in  pound- 
seoond  per  square  foot 

center  of  buoyancy 

slenderness  ratio 

rcc.t-mcs.n- square  chord  of  control  surface  aft  or 
hinge  line  in  feet 

control  surface  area  (including  hinge  overhang)  in 
square  feet 

St  horizontal  tail  area  outside  envelope  in  square  feet 

Sy  vertical  tail  area  outside  envelope  in  square  feet 

ST  tab  area  in  square  feet 

W surface  area  in  square  feet 

Cy  wetted-area  coefficient  D/qW 

R main  envelope 

C car  with  cylindrical  radome  attached 

CE  car  with  elliptical  radome 

H horizontal  tail 

V vertical  tail 


5 4 A A 


Angular  Settings 


angle  of  pitch  in  degrees  (angle  between  the  airship 
reference  line  and  the  projection  of  the  relative 
wind  vector  on  the  plane  of  symmetry  of  the  airship) 


• A •»* 
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vector  and  plane  of  symmetry  of  the  airship) 


angle  of  control  surface  deflection  in  degrees, 
measured  in  a plane  perpendicular  to  the  hinge  line 

dihedral  angle  in  degrees  ( angle  between  airship 
horizontal  plane  of  symmetry  and  the  plane  of  the 
tail  surface) 


Subscripts 


elevator 

rudder 

tail 

tab 

conventional  tail  arrangement 
X-tail  arrangement 
inverted  Y-tail  arrangement 
H-tall  arrangement 
lower  vertical  fin  removed 
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AERODYNAMICS  LABORATORY 
DAVID  TAYLOR  MODEL  BASIN 
UNITED  STATES  NAVY 
WASHINGTON,  D.  C. 

WIND-TUNNEL  TESTS  OF  A lA 8-SCALE  MODEL  OF  THE  X2S2G-1 

AIRSHIP  WITH  VARIOUS  TAIL  CONFIGURATIONS 

PART  I - LONGITUDINAL  AND  DRAG  CHARACTERISTICS 

bY 

Arnold  W.  Anderson  and  Samuel  J.  Flickinger,  Jr. 

SUMMARY 

A aeries  of  tests  has  been  conducted  to  determine 
the  aerodynamic  characteristics  of  several  types  of  tail  con- 
figurations when  mounted  on  a given  airship  envelope.  The  tests 
included  force-coefficient  results  on  the  entire  model  due  to 
model  pitch,  elevator  deflection,  and  elevator-tab  deflection. 
Elevator-hiiige-moment  data  were  also  taken  for  the  above 
variables . 

The  results  indicated  that  all  tail  configurations 
contribute  approximately  the  same  increment  to  stability  for 
the  entire  range  of  pitch  investigated.  The  H-tril  configura- 
tion of  the  complete  airship  had  approximately  35  percent  more 
drag  near  zero  yaw,  as  compared  to  other  tail  configurations. 

All  tail-  elevator  combinations  were  capable  of  trimming  the 
model  when  the  moments  duo  to  engine  thrust  and  differences 
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between  oenter  of  gravity  and  center  of  buoyancy  are  neglected, 
with  the  H-tall  configuration  requiring  a 20°  elevator  deflec- 
tion and  the  A -tail  requiring  a 10°  elevator  deflection.  These 
were  the  maximum  and  minimum  deflections  required  for  the  tails 
investigated. 

Stick-free  elevator  angles  remained  within  a limit  of 
±3*5°  throughout  most  of  the  pitch  range  investigated  for  all 
tail  configurations. 

INTRODUCTION 

The  XZS2G-1  airship  configuration  was  established 
using  the  results  from  a series  of  airships  that  ware  previously 
tested  at  the  Taylor  Model  Basin  (Reference  1)  . The  Bureau  of 
Aeronautics  in  Reference  2 requested  that  Model  Basin  in- 
vestigate the  controllability  and  stability  of  the  airship  to 
develop  the  optimum  empennage  arrangement.  The  current  desig- 
nation of  the  XZS2G-1  airship  (formerly  the  XZP  and  ZPpK  air- 
ship) was  assigned  by  Reference  3, 

This  report  presents  the  results  of  the  longitudinal 
tests  conducted  on  a l/48-scale  model  of  the  XZS2G-1  airship, 
with  an  envelope  slenderness  ratio  of  4.17»  These  tests  were 
made  to  investigate  the  aerodynamic  characteristics  of  four  basic 
tail-envelope  configurations  and  the  effect  on  these  character- 
istics of  two  car-radome  combinations.  The  discussion  of  results 
is  rather  lengthy  but  was  felt  to  be  necessary  as  the  data  are 
of  interest  for  general  application  as  well  as  for  specific 
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application  on  the  model  investigated.  The  tests  were  conducted 
between  the  dates  of  21  April  and  9 May  19^2 . Advance  copies  of 
the  data  were  furnished  to  interested  parties,  Including  the 
Bureau  of  Aeronautics  representatives,  soon  after  completion  of 
the  tests. 

MODEL 

The  l/48-soale  model  of  the  XZS2G-1  Airship  was  de- 
signed and  built  at  TMB  from  drawings  furnished  by  the  Goodyear 
Aircraft  Corporation.  Previous  tests  (Reference  1)  indicated 
that  force  results  could  be  very  erratic  if  the  model  was  too 
small,  but  excessive  tunnel  blockage  would  result  if  the  model 
was  too  large.  Therefore,  a compromise  of  l/l|  8-scale  was  chosen. 

The  principal-dimension  drawings  of  the  model  and  a 
sketch  of  the  internal  mounting  are  shown  in  Figures  1 through 
6.  Principal  dimensions  are  shown  in  Table  1-  Photographs  of 
the  model  mounted  in  the  tunnel  in  various  configurations  are 
shown  in  Figures  7 and  8.  The  fuselage-form  equation  is  as 
follows: 

Y = R £l .02062  - 0.21263  | 

where 

Y envelope  radius  at  distance  x 

R maximum  envelope  radius 

a envelope  half  length 

x distance  from  maximum-diameter  section 

(negative  when  forward) 
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To  meet  the  test  requirements  a hollow  fuselage  was 
built  using  rib  formers  at  several  stations  and  mahogany 
plonking • Tv o ribs  near  the  center  of  the  fuselage  were  equipped 
with  thin  stainless-steel  webs  which  acted  as  flexure  plates  for 
making  drag  teats  and  also  provided  a means  of  attaching  the 
model  to  a rigid  strut  used  in  force  tests. 

The  tails  (Figure  9)  , car,  and  elliptical  radome  were 
readily  removable.  There  were  two  radomes  tested,  a cylindrical 
and  en  elliptical.  The  tails  were  attached  to  the  model  by  means 
of  steel  pins  which  mated  with  a steel  ring  built  as  an  inte- 
gral part  of  the  main  fuselage.  The  tails  could  then  be  doc i— 

r 

tioned  at  any  of  several  prepared  locations  around  the  envelope, 
thus  providing  a rigid  assembly  for  the  tails  and  also  main- 
taining a smooth  external  envelope  surface. 

The  tails  were  built  of  mahogany  and  had  variable- 
incidence,  plain  flaps  and  trimmer- type  trailing-edge  tabs. 

Ball  bearings  were  used  at  the  hinges  of  those  flaps  (Figure  9) 
on  which  hinge  moments  were  to  be  read,  end  pin  hinges  were 
used  on  the  other  flaps.  The  incidence  of  the  tabs  was  changed 
by  bending  the  soft  steel  pins  which  were  used  as  tab  hinges. 

All  flap  and  tab  angles  were  3et  with  templates. 

The  car  was  constructed  in  duplicate  with  one  model 
used  for  drag  and  force  tests  and  one  used  for  pressure  tests. 

On  the  latter  car  a cylindrical  radome  was  separately  removable. 
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TESTS 

The  tests  were  conducted  in  the  TMB  8-  by  10-foot 
Wind  Tunnel  2,  which  is  an  atmospheric,  closed  throat,  return- 
type  tunnel. 

Two  phases  were  included  in  the  model  tests.  One 
phase,  a drag-Reynolds- number  investigation,  was  directed 
toward  obtaining  an  accurate  value  of  model  drag  for  several 
configurations  at  0°  pitch  and  yaw,  for  a range  of  Reynolds 
numbers.  The  other  phase,  a stability  investigation,  was 
directed  toward  finding  the  variation  of  forces  and  moments 
on  the  model  throughout  a range  of  pitch  and  yaw  at  a constant 
Reynolds  number. 

It  was  necessary  in  the  drag-Reynolds-number  investi- 
gation to  use  a support  system  with  a minimum  amount  of  inter- 
ference. To  provide  this,  a sting  type  of  support  system  was 
used  which  entered  the  model  from  the  rear.  The  sting  was 
supported  on  the  tunnel  floor  through  a series  of  spiderlike 
legs  and  attached  to  the  model  through  the  diaphragms  shown  in 
Figure  6.  This  allowed  freedom  of  movement  of  the  model  along 
the  sting  or  drag  axis.  The  model  was  set  at  0°  pitch  and  yaw 
for  the  drag  tests.  Drag  forces  were  measured  by  means  of  a 
previously  calibrated  beam  which  had  two  strain  gages  attached 
to  it.  Model  configurations  investigated  during  the  drag  testa 
included  bare  envelope;  envelope  with  car;  and  the  several  com- 
binations of  envelope,  car,  and  tail. 
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The  stability  investigation  was  conducted  using  a 
single  support.  The  model  was  mounted  on  its  side  and  pitched 
in  a horizontal  plane.  In  general,  each  tail  type  was  investi- 
gated to  find  the  following  values: 

1.  Contribution  to  model  longitudinal  stability  with  the 
car  on  and  off 

2.  Elevator  effectiveness  with  car  on  and  off 

3.  Elevator  effectiveness  when  operating  with  a trimmer- 
type  tab  on  a 1:1  elevator/tab  ratio,  with  car  on 

4.  Tab  effects  on  aerodynamic  coefficients  at  elevator 
deflections  of  0°  and  20° 

5.  Variation  of  elevator  hinge  moment  for  the  various 
model,  elevator,  and  tab  deflections 

The  effect  on  model  characteristics  of  changing 
tail  dihedral  angle  was  investigated  for  the  X-tail  configuration. 
Two  dihedral  angles,  45°  and  37.5°  with  respect  to  a line  per- 
pendicular to  the  plane  of  symmetry,  were  investigated.  These 
angles  were  set  by  rotating  the  tail  about  the  longitudinal 
center  line  of  the  model.  Elevator  effectiveness  was  investi- 
gated! i up  both  angles • 

The  drag-Reynolds-number  teats  were  conducted  through 
an  airspeed  range  of  17.3  toots  to  112.0  knots  corresponding  to 
Reynolds  numbers  from  1,000,000  to  6,700,000,  based  on  a model 
length  of  ^.37  feet  rather  than  ( volume) 
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The  force  tests  were  conducted  at  a dynamic  pressure 
of  50.0  pounds  per  square  foot  which  corresponds  to  an  airspeed 
of  approximately  123  knots  and  a Reynolds  number  of  approxi- 
mately  2,330,000,  based  on  a value  of  1.85  feet  for  ( volume) 

The  raxvte  of  angular  variables  investigated  was  as 

follows: 

1 

e = ±15° 

6 = o°  to  30° 

e J 

6t  = 0°  to  40° 
e 

RESULTS 

The  test  data  are  presented  in  the  form  of  plots 
showing  the  variation  of  force  and  moment  coefficients  (see 
notation)  with  pitch  angle  in  Figures  10  through  14  and  the 
variation  of  wetted-area  coefficient  with  Reynolds  number  in 
Figure  15.  The  test  results  are  presented  in  Figures  16  through 
28  as  various  cross  plots  based  on  the  test  data  or  theoretical 
considerations . 

Principal  model  constants  used  in  data  reduction  are 
given  in  Tabic  1.  A schematic  drawing  showing  positive  deflec- 
tion of  flaps  and  tabs  when  acting  as  control  surfaces  is  shown 
in  Figure  9 . 

Two  tunnel  corrections  were  added  to  the  drag-Reynolds- 
number  test  data.  They  include  a buoyancy  and  a blockage  and 
wake  correction.  The  corrections  are  defined  as  follows* 
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ACW  = O.OOIO 
wbuoy 

Cu  = 0.987  ( Gw  + AC,,  ) (Reference  4) 

"true  tun  buoy 

where  C,,  Is  wetted-area  coefficient  based  on  original  drag 
wtun 

measured  in  tunnel  (see  notation  sheet)  . % 

Three  corrections  were  added  to  the  force  data.  They 
include  tare  and  interference  corrections,  a bouyancy  correction 
and  a blockage  and  wake  correction. 

Cs  = 0.987  (Cs'  + 0.0058  + tare  and  interference) 

where  O.987  is  the  wake  and  blockage  factor,  Cc 1 is  uncorrected 
tunnel  coefficient,  and  0. 0058  is  the  buoyancy  correction.  All 

r 

data  have  been  transferred  to  a center-of-buoyancy  location 
45.7  percent  of  the  fuselage  length  aft  of  the  nose. 

The  model  nomenclature  used  is  eiven  in  the  notation. 


DISCUSSION 

The  discussion  that  follows  includes  a commentary  on 
three  aspects  of  the  XZS2G-1  airship  tests  with  several  tail 
surfaces.  These  are  longitudinal  stability,  longitudinal  con- 
trol, and  control  hinge  moments.  There  is  some  degree  of  simi- 
larity between  tails  and  there  are  certain  data  available  from 
which  calculated  comparisons  can  be  made.  The  comparisons  with 
calculated  data  are  made  to  verify  the  applicability  of  these 
results.  Where  disagreement  is  found,  an  explanation  Is  sought; 


CONFIDENTIAL 


-9 


CONFIDENTIAL 


where  no  outside  data  are  available  for  direct  application,  some 
analysis  is  sought  through  theory.  It  is  felt  that  Rome  addi- 
tional value  can  be  given  to  the  results,  other  than  direct 
application  to 'the  envelope  form  used,  by  divorcing  and  analy- 
zing the  effect  of  each  tail  on  the  model  coefficients.  Also, 
comparison  of  the  tail  parameters  with  previous  tests  or  theory 
will  tend  to  give  a designer  more  confidence  in  calculated 
parameters  If  there  is  good  agreement. 

LONGITUDINAL  STABILITY  — The  old  question  is  here  raised 
again:  How  much  tail  area  should  be  added  to  an  envelope  to 

obtain' a given  value  of  static  longitudinal  stability?  Three 
values  are  required  for  a solution:  horizontal-tail  lift-curve 
slope,  dynamic  pressure  in  the  vicinity  of  the  tail,  and  angle 
of  attack  of  the  tail  surface.  The  lift-curve  3lope  will  be 
compared  and  reconciled  with  calculated  values  from  various 
sources  and  the  references  will  be  cited  in  the  discussion. 

Funk  (Reference  has  pointed  out  that  it  i3  impossible  to 
arrive  at  a definite  conclusion  as  to  the  value  of  the  latter 
two  parameters.  Methods  that  have  been  used  in  the  past  will 
be  pointed  out  here,  and  will  be  explained  and  references  cited 
In  the  discussion. 

Tail  Dynamic  Pressure  and  Angle  of  Attack  --  The 
dynamic  pressure  acting  on  the  tail  surface  can  be  approxi- 
mated very  closely  using  Millikan’s  boundary- layer  equations. 
Reference  6,  if  the  static  pressure  variation  on  the  envelope 
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In  the  vioinity  of  the  tail  is  known.  This,  however,  has  to  be 
found  experimentally . The  angle  of  relative  wind  acting  on  the 
tail  is  dependent  on  sidewash  due  to  the  fuselage.  It  is  im- 
possible to  predict  the  value  of  sidewash,  but  this  can  also  be 
found  experimentally  by  varying  the  fin  angles  for  a series  of 
runs.  (See  Figure  9 of  Reference  ? for  magnitude  of  sidewash.) 
Neither  the  pressure  tests  nor  the  various  fin-setting  tests  were 
attempted  on  the  model.  It  is  possible,  however,  using  the 
data  from  previous  teats  of  a similar  nature,  to  estimate  fairly 
accurately  the  thickness  of  the  boundary  layer  in  the  vicinity 
of  the  tails.  References  8 and  9 show  the  boundary- layer  thick- 
ness with  position  downstream  on  a model  airship.  However, 
geometric  similarity  in  the  vicinity  of  the  tail  seems  t o be 
moat  closely  approximated  by  the  short  body  of  Reference  9 as 

shown  in  Figure  16.  The  parameters  — and  £ were  chosen  as  the 

ro  L 

important  geometric  characteristics,  as  the  boundary-layer 
thickness  In  the  vicinity  of  the  tail  has  been  found  to  be  most 
closely  related  to  these  parameters  (References  8 and  9)  * The 
thickness  is  not  a function  of  Reynolds  number  (Reference  10) 
for  the  Reynolds  number  of  these  tests. 

It  is  assumed  that  the  velocity  profile  in  the  boundary 
layer  varies  as  the  one-seventh  power  (turbulent  flow)  of  the 
ratio  of  the  distance  to  the  point  of  interest  (measured  perpen- 
dicular to  the  envelope)  over  the  total  boundary-layer  thickness 
times  free- stream  velocity.  If  tni3  is  true,  a profile  similar 
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to  that  shown  in  Figure  17  probably  exists  near  the  airship 
in  the  vicinity  of  the  nsodel  tails*  The  value  of  1.4  inches  for 
thickness  of  the  boundary  lay«n  woo  arrived  ®.t  using  Figure  4 
Reference  3 and  Figure  6 of  Reference  9* 

Now  the  question  of  the  effect  of  the  boundary  layer 
on  the  stability  of  the  airship  still  exists.  It  is  assumed 
that  the  slope  of  the  lift  curve  and  center  of  pressure  of  the 
tail  sections  exposed  to  the  boundary  layer  are  the  same  as 
those  not  exposed  to  the  boundary  layer.  The  percentage  change 

ac 

in  for  the  airship  is  indicated  in  the  table  below,  using 
an  average  of  0.88  times  free- stream  velocity  for  the  velocity 

WVMAUU4  J «a»c 9 

Tail  Percentage  Change 
C - 9.3 

X - 9.3 

A - 7.8 

H -10 .5 

With  the  small  differences  in  slopes  between  tails  shown  above, 
a discussion  intended  for  comparison  of  the  merits  of  each  tail 
can  neglect  the  boundary-layer  effeots. 

Lift-Curve  Slopes  of  Tails  — As  explained  in  the 
model  description,  several  types  of  tails  were  investigated, 
some  of  which  were  set  at  large  dihedral  angles.  The  question 
immediately  arises,  on  a test  of  this  nattire,  of  how  a change  in 
call  aihedral  angle  would  affect  the  model . stability.  Neglecting 
secondary  effects,  the  following  facts  ere  known:  the  time  angle 
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of  attack  of  the  lifting  surface  i3  approximately  equal  to  the 
model  angle  of  attack  times  the  cosine  of  the  dihedral  angle,  T; 
and  the  component  of  tail-lift  force  which  contributes  to  model 
stability  is  equal  to  the  lift  in  a plane  perpendicular  to  the 
chordal  plane  times  the  cosine  of  the  dihedral  angle*  It  is 
now  evident  that  the  •contribution  to  stability  which  is  directly 
attributed  to  the  tail  varies  approximately  as  coa2r*  This 
neglects  the  change  in  tail  aspect  ratio  with  r* 

As  stated  above,  the  cosine-squared  rule  applies; 
however,  with  the  addition  of  the  tail,  the  change  in  model 
pitching  moment  is  not  entirely  due  to  the  tail  forces  (Refer- 
ence ll)  . The  pressure  increments  on  the  tail  tend  to  carry 

over  onto  the  fuselage*  The  ratio  of  AC  due  to  the  tail  forces 

m 

to  total  AC^  due  to  installation  of  the  tail  is  shown  In  Figure 
18,  which  was  calculated  using  the  values  shown  In  Figure  II4.  of 
Reference  11.  The  information  in  Figure  18  is  particularly 
applicable  to  a conventional  type  or  tail,  but  in  this  analysis 
has  been  applied  directly  to  all  the  tail  data  except  the  H-type 
tall,  where  the  following  empirical  formula  was  applied: 
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This  formula  was  applied  to  compensate  for  end  plating. 

In  Figure  19  is  shown  the  total  change  in  pitching 
moments  with  the  addition  of  each  tail  for  both  the  car-off  and 
car-on  configurations.  Comparison  reveals  small  differences 
dus  to  the  car.  Applying  the  data  of  Figure  18  to  Figure  19, 
one  obtains  the  dashed  lines  representing  that  portion  of  the 
model  pitching  moment  which  is  due  directly  to  the  tail  forces. 
Using  these  data,  the  actual  lift  coefficients  were  calculated 
and  are  presented  in  Figure  20.  The  tail-lift  coefficients 
were  calculated  assuming  free-stream  velocity  and  an  area  equal 
to  the  tail  area  extending  beyond  the  envelope  line  multiplied 
by  cos2r.  The  aerodynamic  center  of  the  tail  was  assumed  to  fall 
at  Station  63*5,  which  Is  at  the  trailing  edge  of  tne  stabilizer. 
This  ia  not  strictly  true  but  was  considered  sufficiently 
accurate  for  comparative  purposes.  Sidewash  effects  were  not 
negligible  as  shown  in  Figure  9 ox  Reference  7,  but  they  were 
omitted  in  these  results. 

H.  R.  Lawrence  has  presented  a means  of  computing  the 
lift-curve  slope  of  low-*.?pect-ratio  wings  in  Reference  12. 

Using  Figure  2 of  Lawrence  1 s paper,  we  can  estimate  the  approxi- 
mate slope  for  surfaces  tested  without  end  plates.  It  is 
necessary,  however,  in  order  to  make  the  comparison,  to  compute 
the  aspect  ratio  of  the  tails.  In  most  aircraft  work  it  Is 
assumed  that  the  lift  continues  through  the  fuselage.  Figure  18, 
however,  indicates  that  a varying  ratio  of  the  load  is  carried 
by  the  portions  of  the  tail  Included  inside  the  fuselage. 
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For  purposes  of  estimation  it  will  be  assumed  that 

b2 

the  tail  aspect  ratio  is  equal  to  g—  where  b is  the  georaetrio 
distance  between  tips  and  S is  the  total  projected  tall  area 
between  tins  as  shown  in  Table  2.  The  value  of  dCT/da  for  the 
H-tail  was  obtained  from  Reference  13.  As  seen  from  the  table, 
there  is  no  duplication  in  aspect  ratio  for  the  various  tail 
models  investigated.  Reference  lij.  indicates  that  the  lift-curve 
slope  increases  with  aspect  ratio  in  agreement  with  theory.  In 
those  tests,  however,  all  tails  were  of  the  conventional  type. 

As  mentioned  previously,  a portion  of  the  moment 
attributed  to  the  tail  is  carried  by  the  fuselage  owing  to  a 
pressure  carry-over  from  the  tail.  With  a conventional- type 
tail  this  effect  is  the  same  for  both  positive  and  negative 
angles  and  its  value  is  known  from  the  NACA  tests  (Figure  18)  . 

When  this  same  tail  is  rotated  h%° » two  counteracting 
effects  come  into  play.  First,  the  effective  aspect  ratio  of 
the  tails  is  decreased,  which  would  tend  to  decrease  the  lift- 
curve  slope.  Secondly,  there  was  the  assumption  in  converting 
the  change  in  model  pitching  moment  to  tail-lift  coefficient, 
that  a certain  percentage  vf  the  pitching— moment  change  was  due 
directly  to  the  tails.  The  basis  for  this  assumption  is  already 
known.  With  fin3  projecting  out  at  lj.50  to  the  horizontal,  there 
is  a strong  possibllty  that  the  fuselage  no  longer  acts  as  a 
partial  end  plate.  It  is  possible  that  a larger  portion  of  the 
tail  pressure  forces  are  actually  carried  over  onto  the  fuselage. 
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Thia  effect  would  tend  to  counteract  the  decrease  in  aspect 

ratio  mentioned  earlier.  The  reader  should  remember  that  the 

pressure  carry-over  for  this  casef  as  in  the  conventional  type, 

* 

is  the  same  for  both  positive  and  negative  angles  of  attack. 

The  A-type  tail  has  an  aspect  ratio  between  that  of 
the  other  two  tails.  It  is  unsymma trical  about  the  horizontal 
center  line  of  the  model.  From  the  standpoint  of  aspect  ratio, 
a lift-curve  slope  somewhere  between  that  of  the  first  two  tails 
mentioned  is  dictated.  Considering  position  of  the  tail  on  tne 
fuselage,  advantages  have  been  gained  over  the  conventional  tall 
from  a standpoint  of  pressure  carry-over.  However,  the  lift 
curve  may  not  be  symmetrical  around  the  zero  angle  of  pitch, 
depending  on  the  relative  effectiveness  with  which  positive  and 
negative  pressures  carry  over  onto  the  envelope-  Also,  for  the 
negative  model  angles,  the  tail  may  be  partially  shielded  by 
the  envelope. 

A comparison  of  predicted  and  actual  lift-curve 
slopes  of  the  tails  shown  in  Table  2 indicates  quite  a margin 
of  error  in  the  cases  of  the  conventional  and  A-type  tails. 

The  predicted  results  are  definitely  high  as  they  assume  that 
those  portions  of  the  tail  passing  through  the  fuselage  carry  a 
load  approximately  proportional  to  their  area.  The  conventional 
tail  deviated  farthest  from  the  predicted  slope,  with  the  A -tail 
coming  next  and  finally  the  X-tail,  which  is  in  fairly  good 
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tendency  for  decreasing  3lope  in  the  negative  range  of  angles 
(Figure  20) . The  direct  comparison  of  slopes  in  this  region 
should  not  be  made  as  the  tail  forces  on  the  A-type  tail  were 
difficult  to  estimate. - 

In  the  H-type  tail,  there  apparently  was  a poor  flow 
condition  or  premature  stall  due  to  low  Reynolds  number.  At 
the  low  angles  it  seemed  to  meet  predicted  slope  but  as  the  angle 
of  pitch  increased  above  ±U°»  the  tail  lift-curve  slope  decreased 
to  a value  which  is  about  equal  to  that  of  the  other  tails 
(Figure  20)  . For  other  reasons  also,  to  be  mentioned  later, 
this  design  did  not  seem  satisfactory. 

Cross  plots  of  the  drag  and  lift  on  the  model  for  the 
trimmed  condition  are  presented  in  Figures  21  and  22.  The  drag 
plots  indicate  little  difference  between  the  various  configura- 
tions. The  A-fcype  tail  has  the  least  drag  throughout  the  range 
investigated.  In  the  lift  plot  the  A-type  tail  configuration  has 
the  largest  value  of  BCj/dB,  From  a comparison  of  only  these 
two  plots,  the  A-type  tail  seems  be3t  suited  from  an  aerodynamic 
point  of  view. 
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of  a test  to  investigate  the  effect  of  dihedral  are  presented. 
The  ratio  of  the  changes  in  pltchlng-moment  slope  with  the  addi* 
tion  of  the  tails  should  vary  directly  as  cos2r.  This  was  not 
the  case,  however,  for  the  X-tail  investigated.  The  pitching- 
moment  slope  did  not  drop  off  as  fast  as  oos2r,  which  indicates 
that  other  factors  were  coming  Into  play. 
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LONGITUDINAL-CONTROL  CHARACTERISTICS  — The  tail  configura- 
tions tested  were  able  to  trim  the  model  over  a range  of  pitoh 
angles.  This  does  not  mean,  however,  that  the  same  condition 
would  be  true  on  the  full-scale  airship.  Two  factors  not  con- 
sidered here  are  the  difference  in  location  between  center  of 

* 

gravity  and  center  of  buoyancy  and  the  effect  of  engine  thrust. 

Theoretical  Consideration  — The  ratio  of  elevator 
area  to  total  tail  area  was  constant  for  all  tails  and  was 
equal  to  0.268,  For  a constant  ratio  of  elevator  to  total  tail 
area,  the  effectiveness  of  the  elevators  to  produce  pitching 
moment  with  change  in  elevator  angle  depends  on  total  tail  area, 
dihedral  angle  of  tail,  aspect  ratio  of  the  tail,  tail  end 

9 

plating,  and  pres sure- carry- over  effects. 

The  effect  of  dihedral  on  the  longitudinal-control 
power  is  shown  in  the  sketch  below. 


CONFIDENTIAL 


-18- 


CQNFIDENTIAL 


The  ACj^p  in  the  sketch  signifies  the  change  in  lif ting-surface 
normal  force  with  elevator  deflection.  The  change  is  the  same 
for  both  cases,  but  only  that  portion  of  the  normal  force  in 
the  vertical  plane  actually  contributes  to  a change  in  pitching 
moment.  It  is  self-evident,  then,  that  the  elevator  power 
vaTies  as  cos  T. 

The  effect  of  tail  aspect  ratio  on  elevator  power 
can  be  better  understood  by  defining  the  change  in  air  flow  with 
elevator  deflection.  Elevator  deflection  serves  the  same  pur- 
pose as  changing  tail  incidence.  With  a fixed  ratio  of  elevator 
area  to  tail  area,  this  change  in  tail  incidence  with  elevator 
deflection  is  a fixed  percentage  of  elevator  deflection.  Prom 
the  above,  the  deflection  relation  of  elevator  power  to  aspect 
ratio  can  be  recognized.  End  plating  the  tail  surface  has  t he 
same  effect  aa  increasing  the  asnent  ratio. 

w * 

Experimental  Results  — Basically,  the  geometry  of 
the  X—  and  C-type  horizontal  tails  is  the  same.  Considering 
one  individual  surface,  we  can  see  that  for  the  same  elevator 
deflection,  the  contribution  to  pitching  moment  for  the  two 
tails  differs  by  a factor  cos  F.  For  the  X-taii,  this  amounts 
to  a reauction  in  moment  contribution  of  0.70 7.  However,  if 
the  total  tail  area  is  doubled  (as  it  is  for  the  X-tail)  the 
real  change  in  moment  with  elevator  deflection  should  be  1.1*1 
times  greater  for  the  X-tail  than  for  the  conventional  tall. 
Referring  to  Figure  23-  it  is  evident  that  the  ratio  is  even 
greater  than  this  for  most  elevator  deflections.  Although  the 
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real  reason  for  this  is  not  known,  there  is  a possibility  that 

i 

i 

\ 

£ 

the  pressure  carry-over  mentioned  in  a previous  discussion  comes 

,-w 

into  play  here  again. 

* 

The  elevator  tests  of  Figure  12,  however,  show  that 

% ' 

for  the  X-tail  configuration  at  two  dihedral  angles,  the  change 

• 

ft 

in  pitching  moment  with  elevator  deflection  compares  almost 

* 

m 

perfectly  with  the  cosine  rule. 

l 

For  the  A- tail,  the  results  indicate  that  the  ratio 

5» 

of  cosines  does  not  hold.  The  moments  are  too  large  when  com- 

1 

* 

pared  to  the  conventional  tail  and  too  small  when  compared  to 

i. 

the  X-type  of  tail. 

A 

In  Figure  5>“33  of  Reference  l£  is  shown  a curve  of 

» 

the  expected  ratio  da./d6  as  a function  of  S /S. 

b 0 6 b 

-■ 

•» 

where 

a tail  ancle  of  attack  for  zero  lift 

z 

?! 

i 

% 

elevator  deflection 

S elevator  area 

e 

St  total  tail  area 

All  the  data  points  for  the  tails  investigated  fall  below  the 

a 

9 

curve  shown  in  Figure  5~33  of  Reference  l£  except  those  for  the 

. 
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X-tail,  The  experimental  and  expected  values  of  dat/d60  are 

V 

shown  in  Table  3. 

In  Table  Ij.  are  presented  some  of  the  effects  on  the 

- 

model  forces  and  pitching  moment  due  to  elevator  deflection. 

< 
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In  Figure  2lf.  is  presented,  a plot  of  elevator  angle 
required  for  trim  on  the  model,  as  tested.  The  slope  of  the 
curves,  96e(  trim)  is  fi  measure  tail-  ability  to  trim.  The 
larger  the  slope  of  the  curves  in  Figure  2I4,  the  slower  the  tail 
is  in  acting  to  overcome  the  adverse  pitching  moment  on  the  model. 
The  conventional  tail  is  most  undesirable  in  this  respect  and  the 
X-typs  is  the  most  desirable  for  small  angles  of  pitch.  However, 
with  increase  in  pitch,  the  H-type  tail  shows  little  tendency  to 
change  slope  and  consequently  requires  the  largest  elevator  de- 
flection for  trim  at  the  higher  angle  of  pitch.  For  configurations 
other  than  the  H-type  tail,  the  slope  °6e(trim)^e  passes  through 
zero  and  becomes  negative.  For  the  zero  slope  point  the  A-type  tail 
requires  an  zero  elevator  deflection  of  only  10°  when  the  tab 
deflection  is  0°.  A comparison  can  also  be  seen  in  Figure  2L;  of 
the  effect  on  elevator  angles  required  for  trim  when  the  tab  is 
being  used  as  a trimmer. 

HINGE-NOMENT  CHARACTERISTICS  — In  Figures  11,  13.  and  H4.  is 
shown  the  variation  of  elevator  hinge  moment  with  pitch  angle  for 
the  conventional , X-type,  and  H-type  tails.  No  hinge  moments 
were  recorded  on  the  A-type  tail  for  this  scries  of  tests. 

The  elevator  hinge  moment  was  investigated  for  several 
conditions:  variation  with  elevator  deflection,  0°  tab;  variation 
with  elevator  and  tab  deflected  in  opposite  directions  on  a one  to • 
one  ratio;  and  variation  with  tab  deflection,  0®  and  20°  elevator. 

In  Figure  2£  is  shown  the  variation  of  hinge  moment 
with  elevator  deflection  through  the  arsgle-of-pitch  range. 
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The  solid  line  indicates  the  actual  variation  which  was  found  in 

the  tests  while  the  broken  line  indicates  what  is  probably  the 

true  variation  of  dC^  /d6Q.  The  discrepancy  was  caused  by  the 

e 

model  support-3trut  wake.  The  tail  surface  was  in  the  direct 
wake  of  the  strut  in  the  region  where  the  broken  line  differs 
from  the  solid  line. 

In  Table  5 is  shown  a comparison  of  experimental  and 
calculated  (Reference  1$,  pages  2?£  and  276)  variation  of  the 
hinge  moments  for  the  models  tested.  The  discrepancies  are 
probably  caused  by  model  inaccuracies  such  as  leakage  around  the 
tabs,  which  were  not  sealed,  and  no  effective  end  plating  at 
the  elevator-fuselage  juncture. 

All  models  indicate  an  almost  constant  stick-free 
elevator  floating  angle  as  shown  in  Figure  26. 

In  Figure  13  is  presented  the  test,  results  of  the 
trim- tab-effectiveness  tests,  when  the  tab  is  deflected  in 
the  opposite  direction  to  the  elevator.  In  Figure  2?  are  pre- 
sented the  cross  plots  of  the  results  from  Figures  11  and  13. 

The  cross  plots  indicate  that  the  tab  is  overeffective  when 
deflected  on  a 1:1  ratio  and  results  in  a near  or  actual 

control-force  reversal  at  small  5 . A more  suitable  ratio 

e 

would  be  1:2. 

In  Figure  2d,  is  presented  a series  of  cross  plots 

of  tab  data  showing  the  variation  of  dC*.  /36m  for  various 
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angles  of  pitch.  The  results  from  tab  tests  indicate  that  the 

. 

. 

tab  effectiveness  is  a function  of  elevator  loading. 
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TABLE  1 


Principal  Model  Constants  Used  in  Data  Reduction 
for  a l/48-Scalc  Model  XZS2G-1  Airship 


Item 

O type 

X- type 

I A-type 

H-type  j 

Vol.  in  cubic  feet 

6.299 

6.299 

j 6 . 299 

6.299  i 

2/^ 

Vol,  • ' in.  square  feet 

3 Jai 

3.M1 

, 3.411 

1 

3.411 

Vol.1/3  in  feet 

1.84-7 

1.847 

! 1.847 

1.847 

W in  square  feet 

20 .20  3 

20,203 

20,203 

20.20  3 

Length  in  feet 

5.873 

5.873 

5.873 

5.873  1 

SQ  in  square  feet 
c in  feet 

Hinge  moment  measured 
on  surface  indicated  by 
asterisk  --  r^ar  view 


S 0.0  ?0  O?0?Q  • 0,098  ! o.0<2 


0.158  ; 0.158  ; 0.181 


i o.ii8  i 

I I 

' — C V*  ! 
I !v_y|  I 
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Comparison  of  Theoretical  and  Measured  Lift  Characteristics 
for  Various  Tail  Configurations  of  the 
l/l+Q-Scale  Model  XZS2G-1  Airship 


C- Tail  X-Tail 

Projected  area  shown  cr 

.r  - r- 


v_y 

A-Tail 


ossha  tcried 


Tail  ! Projected  b , 

lal1  ' Area  in  ft2  ; in  ft" 


dCL/ua  per  radian 
Theoretical* 1 Measured"* 


1.226 

2.28 

1.86 

2.35 

1.U3 

1 0.866  i 

i 

1.1U 

1.32 

1.80 

1.78 

1.3^2 

2.00 

l.itf 

1.95 

I»57 

1.028 

2.10 

L 2-ou 

3 .kb-* 

. . _ 

3.au 

**  Reference  12#  Figure  2 

From  Figure  20  s , , 

t Reference  13-  Figure  !+?■  If  - enagx^H  = 0.7 82, 

o = 6.08,  where  c is  the  slope  of  section  lift  coefficienl 

in  * n 
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TABLE  3 

Elevator  Effectiveness  of  Various  Tall  Configurations 
on  a 1/14.8-Scale  Model  XZS2G-1  Airship 


Configuration 

i 

Se 

S. 

u 

Aa.  * 

| 

C-tvpe  i 

i 

0 -26? 

0.25 

0 .14.6  1 

X-type 

0.267 

0.50 

0.14.6 

A -type 

0.267 

0 .18 

1 

0 J16 

H- type 

0.267 

| 0.19 

0.14-6 

* Experimental  average 

**  See  Figure  5-33#  Reference  II4. 
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TABLE  4 


Effect  of  Elevator  Deflection  Upon  the  Characteristics 
of  a 1/14.0-Scale  Model  XZS2G-1  Airship 

6 * 0°,  6t  - 0° 

e 


Configuration 

6e 

I 

AC 

! tr. 

i acl 

T 1 

Kn 

S 

in  degrees 

J 

1 i 

10 

0 .0314. 

0.030 

0.0020 

1 

; 1 

• r\  r\ 

r>  Ail 

r»  aa4-3  1 

B(tm0 

CXJ 

W # vJ  f v 

KJ  »\J  \JCm 

V 

i 

l 

25 

0.092 

0.073 

0 .0  7.00  ] 

I 

30 

0 .096 

i 0.082 

0,0128  j 

1 

10 

0.062 

0.050 

0.00U5 

B(  HV)  x 

20 

O.II42 

( 

0.117 

0.0177  ! 

! 

I 

2$ 

! 0.182 

O.IUII 

0.0282 

j 

1 

30 

^0.203 

i 0.160 

0.0378  j 

j ' 10 

1 

i0,05U 

j 0.01.43 

0.0022  ! 

j j 

1 B(HV)A 

j 

20 

iO.113 

i 

0.093 

0.0095  j 

1 

O.OII4I4  1 

j 

25 

O.II42 

0.115 

1 

! 

i 

30 

0.162 

0.130 

0,0204  i 

i. ...  i 

i 

:.o 

0.031 

1 

, 0.025 

0.0013  | 

B(HV)h 

20 

10.062 

j 

0.050 

0.0038  j 

25 

jo. 070 

! 0 .062 

0.0100 

1 

u—3?— 

jo. 082 

j 0.070 

0.0123 
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Figure  l 


Figure  1 - Principal  Dimensions  of  the  Envelope  of  the 
1/ilQ-Scale  Model  XZS2S-1  Airship 
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•0.464'- 


— »-jO.I22'  j— — 


0.253’ 


0.287 ' 

\ 0 46?' 


0.001 


Envelope  Contour 


0.038' 


0.710’- 


0.756’ 


•0.234' 


Se=Sr  = 0.070  ft2 
ST=0.0I2  ft2 
St='Sv=  0.274  ft2 


0.793  c 


— 0.207  c 


1—0.043  c 


Upper  Vertical  and  Horizontal  Fins 


-0849' 


/FS\ 

163.52' 

— o.; 


0.580' 


Envelope  Contour  — s 


0.001- 


0.033--- 


//  i . 

,}  C.ioG  0.3i7 


0.671' 


jL_^r 


i I 


0.548' 


-0.839  c 


— '0.1 10'  f— ■ 


= 0.178  ft 


— 1 1 r~- ° 

A\*~  0.0380  c 


0.  I*- 1 c 


ov/,  x - VV  .1/0  I J 

(lower) 

Sf(lower)  -0.039ft2 
STf,ouPr)  - 0.005 fr 


_ower  Verficol  Fin 


Figure  2 -Principal  Dimensions  of  the  Conventional  Type  Toil  on  the 
1/48-Scale  Model  XZS2G-I  Airship 
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St  = 0.200  ft2 
Se  = 0.054  ft2 

c - r\ 

— iT 


Figure  5-  Principal  Dimensions  of  the  Horizontal  H-Tail  on  the 
1/48 -Scale  Model  XZS2G-I  Airship 
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FIGURE  5 
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Plgure  8 (Continued) 

(b)  Conf iguration  BC(HV)^ 
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Figure  8 (Conoluded) 

(o)  Configuration  BC(HV)H 
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